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Contrary to the assumption of perfectly °exible labor markets commonly
used in mainstream macroeconomic models, in the real world the existence of
structural imperfections such as search and trading costs hinder the frictionless
functioning of these markets, generally leading to outcomes of Non-Walrasian
type with involuntary unemployment and open vacancies in \equilibrium". In
this paper we model the existence of labor market frictions into a Keynesian
(Disequilibrium) AS-AD framework in the line of Asada, Chen, Chiarella and
Flaschel (2006) through a labor search and matching function. By means of
dynamic shock simulations, we ¯nd that the extent of the labor market rigidity
has a great importance for the dynamics not only of employment and output,
but also of wage and price in°ation, and consequently also for the conduction
of monetary policy.
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Contrary to the assumption of Walrasian labor markets commonly used in main-
stream macroeconometric models, in the real world the existence of structural im-
perfections such as search and trading costs hinder the frictionless functioning of
the labor markets, generally leading to outcomes of Non-Walrasian type, with in-
voluntary unemployment and un¯lled vacancies in \equilibrium". Additionally, the
existence of such frictions also a®ects the dynamics of the real side of the economy
by delaying the responses of output and employment to exogenous and endogenous
shocks, increasing therefore the persistence of such e®ects. Concerning wage and
price in°ation, the presence of labor market rigidities is also likely to sluggish their
response to output developments through their e®ect on real unit labor costs (or,
from another perspective, on the labor share), one of the main determinants of price
in°ation. Due to these di®erent factors, the incorporation of labor market frictions
in a macroeconomic framework is likely to explain to a signi¯cant extent the high
degree of persistence observed in many aggregate macroeconomic indicators such as
price in°ation in the majority of industrialized countries, and especially in the major
countries of the European Monetary Union (EMU).
Somewhat surprisingly, though, in most of the macroeconomic models developed
in the last decade { including the increasingly popular DSGE (Dynamic Stochastic
General Equilibrium) models in the line of Erceg, Henderson and Levin (2000) and
Christiano, Eichenbaum and Evans (2005) { the existence of labor market frictions
and their role in the dynamics of employment, output and in°ation remained besides
the research agenda, due to the almost exclusive focus of the majority of models of
New Keynesian type on the existence and theoretical modelling of nominal rigidities.
Nevertheless, as discussed for example in Chari, Kehoe and McGrattan (2000), a
central problem of intertemporal optimizing macroeconomic models featuring only
nominal rigidities is that the dynamic responses generated by them do not feature
the degree of persistence observed in real data.
The empirical shortcomings of these DSGE models have led recently to the in-
corporation within that framework of not only nominal, but also real rigidities in
form of labor market frictions in a wage bargaining setting, as done recently in
Walsh (2003), Trigari (2004) and Gertler and Trigari (2006), among others. Never-
theless, the adequacy of such types of models, concerning the rational expectations
assumption and the modeling strategy, still remains questioned by a large number
of researchers.
The remainder of the paper can be summarized as follows. In section 2 the
recent literature on staggered wage and price and employment dynamics is brie°y
1overviewed, with special focus on the DSGE approach. In section 3 I develop alter-
natively a Keynesian (Disequilibrium) AS-AD model in the line of Chen, Chiarella,
Flaschel and Semmler (2006) and Proa~ no, Flaschel, Ernst and Semmler (2006),
where I additionally introduce, by means of a search and matching labor market
module, frictions in the labor markets. As it will be discussed there, this alternative
modelling approach features a similar or even better ability to emulate the dynamic
behavior of aggregate macroeconomic data, generating for example a higher degree
of in°ation persistence without the use of the highly questionable Calvo (1983) price
setting mechanism often used in the DSGE framework. After identifying the local
stability conditions of the resulting 4D dynamical system, in section 5 I analyze, on
the basis of the previously estimated parameters, the dynamic adjustment paths of
the variables of the theoretical model to monetary and aggregate demand shocks.
Thereafter, in section 6, the design of monetary policy within our theoretical frame-
work is discussed through the analysis of the dynamic adjustment and degrees of
persistence of the model variables under alternative monetary policy rules. Section
draws some conclusions and further research directions from this study.
2 Overview of the Literature
As stated before, labor markets are confronted to a larger extent than other types of
markets with a variety of frictions such as the asymmetric or incomplete information
about the state of the market, geographical and skill mismatches, as well as searching
and trading costs.1 Indeed, as pointed out by Pissarides (2000, p.3), unlike other
markets, trading in labor markets is likely to be \uncoordinated, time-consuming,
and costly for both ¯rms and workers", itself likely to depend on the actual market
conditions, that is, on the relative size of unemployed workers and vacancies.
In the last decade, nevertheless, labor markets of Walrasian type, where workers
and employers do not face any type of frictions or trading costs, have been assumed
in the majority of macroeconomic models discussed in the mainstream literature.
Indeed, in models of New Keynesian type such as Blanchard and Kiyotaki (1987),
Goodfriend and King (1997) and Rotemberg and Woodford (1997), research focused
primarily on the modelling of nominal rigidities: With rational, forward looking,
intertemporal utility maximizing households and pro¯t maximizing ¯rms, the only
source of frictions is the existence of a staggered price setting mechanism ¶ a la Calvo
(1983), whereafter only a fraction of ¯rms can reset their goods prices to the mo-
1In the EMU, for example, despite of the absence of legal barriers concerning the labor mobility
among the full Member States, language and cultural di®erences still represent important barriers
which might explain the low degree of labor mobility in EMU.
2nopolistically optimal level in every period.2 Because in that framework nominal
wages are assumed to be perfectly °exible, the resulting real wage is always at the
market-clearing level and therefore no involuntary unemployment exists. Because in
those models the economic agents do not face any type of quantity constraint, ¯rms
and households always (and without time or monetary costs) ¯nd a proper work-
ers and job position, respectively, and the resulting real wage in the labor markets
always ful¯lls simultaneously the intertemporal consumption/leisure preferences of
households and the pro¯t maximization condition by the ¯rms. The notion of the
existence of Non-Walrasian labor market equilibrium situations, where households
and ¯rms might not be able to ¯nd adequate counterparts in the labor markets,
and therefore where involuntary unemployment and unoccupied job positions might
exist in equilibrium, remained to a large extent unconsidered in those models.
In early New Keynesian models featuring only price rigidities as e.g. Roberts
(1995), the assumption of frictionless, Walrasian labor markets delivered also wide-
reaching implications for the conduction of monetary policy: According to the re-
sulting in°ation adjustment equation, known as the baseline New Keynesian Phillips
Curve (NKPC), where in°ation is simple a function of the actual output gap and
future expected in°ation, stabilizing in°ation is equivalent to stabilizing output. For
the monetary authorities, so the conclusion of such models, there exists no trade-o®
between in°ation and output stabilization, contrary to the experience of the majority
of central bankers around the world. The absence of an output-in°ation stabilization
trade-o® still exists in the more elaborated versions of the New Keynesian frame-
work, for example under the hybrid NKPC developed by Gal¶ ³ and Gertler (1999) and
Gal¶ ³, Gertler and L¶ opez-Salido (2001) (where actual in°ation additionally depends
on lagged in°ation due to the assumption of price indexation), also due to its basic
assumption of perfect nominal wage °exibility, as shown in Woodford (2003).
Contrarily to the aboved mentioned New Keynesian models, the more recently
elaborated DSGE models in the line of Erceg et al. (2000), Smets and Wouters (2003)
and Christiano et al. (2005), feature besides price- also nominal wage rigidities.3
Now, while with the inclusion of nominal wage rigidities the absence of a trade-o®
between output, employment and in°ation stabilization (referred by Blanchard and
Gal¶ ³ (2005) as the\divine trinity") disappears and the dynamics of in°ation predicted
by the underlying theoretical model become, in a more realistic way, more persistent,
the wage and price development is still solely determined by abstract stochastic
2See Mankiw (2001), Estrella and Fuhrer (2002) and Rudd and Whelan (2005) for some critical
assessments concerning the theoretical and empirical implications of the New Keynesian approach.
3These mentioned studies feature additionally various types of real rigidities such as habit for-
mation in consumption, investment and adjustment costs and variable capacity utilization, but still
do not incorporate labor market frictions.
3processes. Indeed, in these models, wage stickiness is introduced by assuming, in
analogy to the standard modelling of optimal price setting by ¯rms, that households
{ o®ering di®erentiated types of labor { possess enough indeed monopolistic power
to unilaterally set (!) the level of nominal wages which allows them to maximize
their intertemporal utility function. Nevertheless, just like ¯rms in the baseline
New Keynesian framework, only a constant fraction of households obtained in every
period the opportunity to reset their wages optimally in a Calvo (1983) manner,
see e.g. Erceg et al. (2000) and Christiano et al. (2005). Now, while this scheme
of staggered wage contracts facilitates an easy and elegant incorporation of nominal
rigidities in the DSGE framework, its closeness to reality is highly questionable (this
criticism applies also to the standard New Keynesian Phillips Curve, which is also
derived from the assumption of staggered price contracts ¶ a la Calvo (1983)): Indeed,
in most industrialized countries, and especially in the members countries of EMU,
most of the wages are set through a bargaining process between ¯rms and trade
unions. Even in more decentralized labor markets as in the U.S., the assumption
of households setting wages in a monopolistic manner is highly questionable, due to
the rather low degree of di®erentiation of the labor supply by the majority of the
population economically active.4
In recent times, the theoretical research on the role of labor market frictions for
the dynamics not only of output but also of real marginal costs and of wage and
price in°ation has experienced a revival, after nearly two decades where it was almost
completely left aside from the academic literature on monetary economics. In a series
of research papers, Walsh (2003), Trigari (2004), Christo®el and Linzert (2006a) and
Gertler and Trigari (2006), among others, have started to investigate the role that
labor market frictions play in the dynamics of the real economy by integrating some
elements of the job search theory popularized by Mortensen and Pissarides (1994)
and Pissarides (2000) (a standard approach used in labor economics to model labor
market frictions) into DSGE frameworks with nominal wage and price rigidities.5
The reasoning for this new modelling strategy is the following: when labor markets
do not function in a frictionless manner but are confronted to real rigidities, they
are not able to accommodate aggregate demand and supply shocks immediately.
4In the next section we will discuss the alternative (D)AS-AD approach to wage and price
in°ation dynamics by Chiarella and Flaschel (2000) and Chiarella, Flaschel and Franke (2005).
5In the search and matching framework, the search for adequate business partners in the labor
market (¯rms and employers) is assumed to be costly and time consuming. Vacancies and un-
employed workers are assumed furthermore to be brought together by a matching function which
depends on the state of the market. The use of aggregate search and matching functions in the line
of Pissarides (2000) has become standard in labor economics for the analysis of the labor markets
at an aggregate level, due to the high diversity in the nature of the frictions a®ecting labor markets.
See Petrongolo and Pissarides (2001) for a survey article on the aggregate matching functions.
4Its delayed reaction to such shocks, thus, weakens the link between output and
employment, making their reactions less strong and more persistent.
In order to introduce nominal rigidities in her model, Trigari (2004) assumes
that, while nominal wages are re-set through a bargaining process between ¯rms
and workers in every period, a ¯rm \obtains perhaps a phone call by Calvo him-
self",6 and can re-optimize its prices in a Calvo (1983) manner with additional wage
indexation.7 Gertler and Trigari (2006) follow the same strategy, though in a more
elaborated framework, by gathering nominal wage staggering with a multi-period
wage bargaining resulting from the use of the job search theory. Alternative, fol-
lowing Hall (2005), in Christo®el and Linzert (2006a) and Christo®el and Linzert
(2006b) nominal rigidity is introduced by specifying a \wage norm or social consen-
sus" after which \the actual wage level is given by a weighted average of past wage
level and the equilibrium wage level".8 The basic result of these studies is that while
the incorporation of labor market frictions into DSGE models implies qualitatively
similar responses of output, employment and in°ation to aggregate demand shocks
and monetary policy shocks as in DSGE models with Walrasian labor markets, from
the quantitative point of view, this modi¯cation decreases the responsiveness of
output and in°ation and increases their degree of persistence.
Nevertheless, as stated before, the adequacy of this type of theoretical modelling
approach has been strongly questioned, despite its actual popularity in the main-
stream literature, by a large number of researchers such as Mankiw (2001), Eller
and Gordon (2003) and Solow (2004), precisely due to its focussing on intertempo-
ral,\rational"and forward-looking modelling of economic agents. Solow (2004) goes
one step further and rises serious doubts about the implications for economic policy
advisement based on such models, primarily due to their low ability to ¯t real data.
While elegant in their theoretical microfoundations, these types of macroeconomic
models are nevertheless still far too restrictive to describe and analyze a variety of
macroeconomic interactions within an economy. The microfoundations of the wage
and price setting, completely oriented to the intertemporal maximization of utility
and pro¯ts, disregard short run factors and dynamics which might take place even
if they are not consistent with the solution of an intertemporal maximization prob-
lem. Aggregate demand pressures, as well as the state of the markets, especially of
the labor markets, are not considered in models of the New Keynesian sort as the
ones developed in Gal¶ ³ and Gertler (1999), Erceg et al. (2000) and Christiano et al.
(2005).
6I owe this beautiful expression to Christian Merkl from the Kiel Institute of World Economics.
7As discussed before, this Gal¶ ³ et al. (2001) speci¯cation leads to a hybrid type of New Keynesian
Phillips Curve, where actual in°ation depends on future expected and past in°ation.
8Christo®el and Linzert (2006b, p.16).
5Due to these arguments, as especially due to our focus on the role of frictions
in the labor markets for the dynamics of the economy as a whole, our theoretical
analysis will be based on disequilibrium rather than equilibrium situations, follow-
ing the theoretical modelling approach by Chiarella and Flaschel (2000), Chiarella
et al. (2005) and Chen et al. (2006). This theoretical approach, which relies on the
interdependent but nevertheless separate gradual adjustments of wages and prices,
allows, in contrast to standard DSGE models, for disequilibrium situations in both
goods and labor markets, and might therefore be more appropriate for a realistic
theoretical analysis of the role of labor market frictions for the dynamics of output,
in°ation and income distribution. Additionally, as it will be discussed in the next
section, due to the special speci¯cation of the in°ation expectations, with perfectly
foreseen actual wage in°ation entering in the price in°ation adjustment equation
and viceversa, both goods and labor markets in°uence in a direct manner both wage
and price in°ation behavior in the economy.
3 The Model
In the next section we modify and extent an alternative approach to the DSGE
framework developed by Chiarella and Flaschel (2000) and Chiarella et al. (2005).
Nevertheless, in contrast to similar models discussed in Chen et al. (2006) and Proa~ no
et al. (2006), where the dynamics of the goods and the labor markets were linked in
a pragmatic manner by a dynamic version of Okun's (1970) law, I incorporate into
this Keynesian (Disequilibrium) macroeconomic framework the existence of frictions
in the labor markets through the additional incorporation of a search and matching
module in the line of Pissarides (2000).
3.1 The Labor Markets
In a quite standard manner, we assume a single input factor technology, by which
output is simply produced according to
Yt = ztN®
t ; (1)
where Nt denotes is the actual (realized) level of employment and zt represents the
average labor productivity in the economy.
In the same manner, full employment output Y
f
t , is simply a function of the




t = ztL®: (2)
6Firms, confronted to an aggregate demand level Y
D, determine their labor de-






Nevertheless, due to the existence of labor market frictions, the actual level of





t = Nt does not hold in the normal case.
Following Hall (2005) and Shimer (2005), who ¯nd that the rise in unemployment
during economic slowdowns is caused not by a higher rate of job destruction (at least
in the U.S. employed workers do not get ¯red more frequently than in economic
booms), but by a lower rate of job creation, we assume that a certain number of
jobs are destroyed at an exogenous rate ½ in each period.9 The actual number of
employed workers at t is then determined by the level of remaining jobs from the
previous period and by the\matches"occurred at the beginning of the actual period.
At t, the number of employees is determined by
Nt = (1 ¡ ½)Nt¡1 + m(Ut;Vt) (4)





t ; ¹ 2 (0;1) (5)
with ¹ representing the matching technology level, Ut = Lt¡(1¡½)Nt¡1 the number
of unemployed and Vt = L
D
t ¡(1¡½)Nt¡1 the number of vacancies at the beginning
of period t (which can be negative if the ¯rms decide to lower their demand of labor).
By de¯ning ut = Ut=Lt and vt = Vt=Lt as the unemployment and vacancy
rates, respectively, and normalizing the total labor supply to Lt = ¹ L = 1, we can
reformulate eq.(4) in terms of the employment rate et = Nt=¹ L = Nt as
et = (1 ¡ ½)et¡1 + m(ut;vt): (6)
This speci¯cation, though quite simple, allows us to incorporate in our theoretical
framework the dependency of employment on the actual labor market situation. By
de¯ning the degree of actual labor market tightness as
£t = vt=ut;
9While this assumption is also met by Gertler and Trigari (2006), Christo®el and Linzert (2006a)
and Christo®el and Linzert (2006b), Trigari (2004) and Campolmi and Faia (2006), in contrast,
assume that the job separation rate depends partly on the position of the economy within the
business cycle, making the separation rate of employment partly endogenous.




with m0(£t) = ¡%¹£
¡%¡1
t vt < 0. The level of employment, determined by the
matching function, decreases if the ratio of labor demand (the vacancy rate) to the












we can rewrite eq.(6) as





















¡ (1 ¡ ½)et¡1
¸1¡%
¡ ½et¡1; (8)
which represents the law of motion of employment in discrete time. De¯ning gen-
erally the time lag length as h, for h ¡! 0, we obtain the following approximate
formulation for the continuous time analogous of eq.(8)






¡ (1 ¡ ½)e
¸1¡%
¡ ½e: (9)
As this labor market module is formulated, the state of the market (the labor mar-
ket tightness) in°uences in a direct way the capability of ¯rms to serve aggregate
demand: Indeed, due to the existence of labor market frictions, ¯rms usually do not
obtain their desired level of labor demand L
D
t , but Nt instead. Note that the more
rigid the labor markets are, the greater will be the discrepancy between L
D
t and Nt,
and therefore, through the wage dynamics to be discussed below, the more sluggishly
the nominal unit labor costs will react to exogenous and endogenous shocks.










, and not on the rate of change of aggregate
output (which would be the case if Y
D
t = Yt, as formulated for example in Proa~ no
et al. (2006) with the modelling of a dynamic Okun's law. By partial di®erentiation,
we can con¯rm the adequacy of the qualitative response of the employment dynamics
to the aggregate demand Y
D and to the level of the employment rate:
@ _ e











= %¹u%¡1(¡1 + ½)v1¡% + (1 ¡ %)¹u%v¡%(¡1 + ½) ¡ ½ < 0
8Note that our formulation of the employment rate dynamics di®ers signi¯cantly
from traditional search and matching labor market models, because here the va-
cancies are determined basically by the goods aggregate demand pendant on the
labor market (since L
D = (Y
D=z)1=®) and not, as usual, through a forward-looking
decision process including Bellman equations and in there the cost-bene¯t consider-
ations of both workers and ¯rms. However, as discussed later on in this paper, the
formulation of the employment rate dynamics delivers quite reasonable dynamics
when simulated.
3.2 The Goods Markets
The dynamics of the goods markets in this theoretical model are still of a Keynesian
type, with aggregate demand driving the level of employment and output, in this
order. Indeed, due to the incorporation of labor market rigidities in our theoretical
framework, the level of production in the economy is not only determined by the
aggregate demand, as in standard Keynesian models, but is also in°uence in a direct
manner by the degree of in°exibility of the labor markets. Accordingly, we di®er-
entiate between the full-employment production level Y
f




t = ztÁ¹ L® (10)
where Á represents a time-invariant term comprising structural labor market factors
to be de¯ned below.
We assume that excess aggregate demand (the log deviation of aggregate demand











= ®yyt¡1 ¡ ®yi(it¡1 ¡ ^ pt ¡ (io ¡ ¼o)) ¡ ®yv(vt¡1 ¡ vo) (11)
where yt¡1 represents the output gap (to be de¯ned below) in the previous period,
io denotes the steady state nominal interest rate, ¼o the target in°ation rate of the
central bank (assumed for simplicity to be equal to the actual steady state in°ation
rate) and vt ¡ vo being the deviation of the actual labor share vt from its steady
state level vo. According to eq.(11), aggregate demand is assumed to depend (i)
positively (with 0 < ®y < 1) on aggregate income, (ii) negatively on the labor share
(in principle this dependence could be positive, depending on whether consumption
is more responsive to real wage changes than investment),10 and (iii) negatively on
the real interest rate.
10See Proa~ no et al. (2006) and Franke, Flaschel and Proa~ no (2006) for an extensive discussion of
the ambiguity of the Rose real wage channel.
9Making use of eq.(7) we can express the actual output gap y (de¯ned as the log
deviation of the actual, realized output level from potential output) as
yt = = ln(Yt=Y
p























= fy(et); f0(et) > 0; f00(et) < 0
Note that for et = Á = e0, with eo being the steady state employment rate, yt = 0
holds.
As this module is formulated, aggregate goods demand determines the level of
employment desired by ¯rms, and through the search and matching function ex-
pressed by eq.(5), the actual level of employment (the employment rate). This, in
turn, determines the level of production through the assumed production function,
which, despite of being in°uenced through the existence of labor market frictions, is
still demand driven and thus Keynesian in nature.
Furthermore, the growth rate of the output gap results by de¯nition, namely
^ yt = yt ¡ yt¡1
contrarily to the dynamic IS-equation used in Asada et al. (2006), for example.
3.3 The Wage-Price Dynamics
As stated before, because models featuring only price rigidities are unable to gener-
ate the degree of in°ation and output persistence observed in real aggregate data,
the recent DSGE type of macroeconometric models in the line of Erceg et al. (2000)
and Christiano et al. (2005) incorporate both staggered wage and price setting. In
contrast to that framework, where the dynamics of wage and price in°ation are
driven only by the rational, forward-looking, pro¯t and utility maximizing behavior
of ¯rms and households,11 in the Keynesian (D)AS-AD approach by Chiarella and
Flaschel (2000) and Chiarella et al. (2005), on the contrary, the dynamics of wages
and prices depend on the demand pressure of the relevant market, namely of the la-
bor and the goods markets, respectively. In this theoretical framework, the measure
of demand pressure in the labor markets is the deviation of the actual employment
11Note furthermore that the in°uence of both goods and labor market conditions on the behavior
of wages and prices, present in the real world, is not considered explicitly in those types of models.
10rate from the NAIRU equivalent eo. In the goods markets, on the contrary, it is the
output gap which measures the pressure of aggregate demand on prices.12
The structural form of the wage-price dynamics in our framework is given by:
^ w = ¯we(e ¡ eo) ¡ ¯wv ln(v=vo) + ·wp^ p + (1 ¡ ·wp)¼c + ·wz^ z; (13)
^ p = ¯pu(y ¡ yo) + ¯pv ln(v=vo) + ·pw( ^ w ¡ ^ z) + (1 ¡ ·pw)¼c: (14)
The demand pressure terms e¡eo and u¡uo in the wage and price Phillips Curves
are augmented by three additional terms: the log of the wage share v or real unit
labor costs (the error correction term discussed in Blanchard and Katz (1999, p.71)),
a weighted average of corresponding expected cost-pressure terms, assumed to be
model-consistent, with forward looking, cross-over wage and price in°ation rates
^ w and ^ p, respectively, and a backward looking measure of the prevailing inertial
in°ation in the economy (the \in°ationary climate", so to say) symbolized by ¼c,
and labor productivity growth ^ z (which is expected to in°uence wages in a positive
and prices in a negative manner, due to the associated easing in production cost
pressure). Concerning the latter variable we assume for simplicity that it is always
equal to the growth rate of trend productivity, namely ^ z = gz =const.13 Note that
here our approach di®ers again from the standard New Keynesian approach based on
the work by Taylor (1980) and Calvo (1983). Instead of assuming that the aggregate
price (and wage) in°ation is determined in a pro¯t maximizing manner solely by the
expected future path of nominal marginal costs, or in the hybrid variant discussed in
Gal¶ ³ et al. (2001), also by lagged in°ation, in the (D)AS-AD framework it is assumed
that not only the last period in°ation, but also the in°ationary climate where the
economy is embedded is taken into account.
The microfoundations of the wage Phillips curve are of the same type as in
Blanchard and Katz (1999), where the dynamics of nominal wages are determined
by a wage bargaining process between the trade unions and ¯rms. Blanchard and
Katz assume, as in standard wage setting models, that the expected real wage by
the trade unions is simply determined by a weighted average of the reservation real
wage !min
t and the currency labor productivity z, augmented additionally by the
state of the labor market, represented by the unemployment rate ut, that is
!e = µ!min
t + (1 ¡ µ)zt ¡ ¯wuut (15)
12This separate speci¯cation of the wage and price dynamics also allows to circumvent the identi¯-
cation problem pointed out by Sims (1987) for simultaneous estimations of wage and price equations
with the same explanatory variables.
13Even though explicitly formulated, we will assume gz = 0 in the theoretical part of this paper
for simplicity and leave the modeling of the labor productivity growth for future research.
11The reservation real wage, in turn, is assumed to be determined by a simple rule of
the form
!min
t = a + ¸!t¡1 + (1 ¡ ¸)zt: (16)
By inserting eq.(16) into (15), after some arrangements, see e.g. Flaschel and Krolzig
(2006), one obtains
¢wt = ¡¯wuut ¡ (1 ¡ µ¸)ln(vt¡1=vo) + ^ pe
t + (1 ¡ µ¸)^ zt + µa (17)
Eq.(17) is nearly equivalent to eq.(13) (with the unemployment gap in the place
of the logarithm of the output gap) if hybrid expectations formation is additionally
incorporated and additionally a zero growth rate of labor productivity is assumed.
Concerning the price Phillips curve, a similar procedure may be applied based on
desired markups of ¯rms, as discussed for example in Flaschel and Krolzig (2006).
Along these lines, one in particular gets an economic motivation for the inclusion of
{ indeed the logarithm of { the real wage (or wage share) with negative sign into
the wage PC and with positive sign into the price PC, without any need for loglin-
ear approximations. The employment gap and the output gap are thus included in
these two Philips Curves, respectively, in the place of a single measure (the log of
the output gap), as done for example in Woodford (2003). The wage-price module
is thus consistent with standard models of unemployment based on e±ciency wages,
matching and competitive wage determination, and can be considered as an interest-
ing alternative to the { theoretically rarely discussed and empirically questionable {
New Keynesian form of wage-price dynamics.14
Note that we assume model-consistent expectations with respect to short-run
wage and price in°ation, nevertheless incorporated in the above Phillips Curves in a
cross-over manner, with perfectly foreseen price in°ation in the wage Phillips Curve
and wage in°ation in the price Phillips curve. We stress that our model indeed
features a forward-looking behavior here, without the need for an application of the
jump variable technique of the rational expectations school in general and the New
14For comparison, in more elaborated New Keynesian models as e.g. in Woodford (2003, p.225),
the joint evolution of wages and prices is described by the following two loglinear equations
^ wt
WPC = ¯Et[ ^ wt+1] + ¯wyyt ¡ ¯w! ln!t;
^ pt
PPC = ¯Et[^ pt+1] + ¯pyyt + ¯p! ln!t;
where yt represents the output gap, usually calculated as the deviation of the growth rate of output
from its long-term trend, and ! represents the deviation of the real wage from its \natural" level.
As it can easily be observed the expected next period wage in°ation does not in°uence in a direct
manner the price in°ation and viceversa, as in eqs.(13) and (14).
12Keynesian approach in particular as will be shown in the next section.15
The corresponding across-markets or reduced-form Phillips curves are given by
(with · = 1=(1 ¡ ·wp·pw)):
^ w = ·[¯we(e ¡ eo) ¡ ¯wv ln(v=vo) + ·wp(¯py(y ¡ yo) + ¯pv ln(v=vo))
+(·wz ¡ ·wp·pw)gz] + ¼c; (18)
^ p = ·[¯py(y ¡ yo) + ¯pv ln(v=vo) + ·pw(¯we(e ¡ eo) ¡ ¯wv ln(v=vo))
+·pw(·wz ¡ 1)gz] + ¼c; (19)
which represent a considerable generalization of the conventional view of a single-
market price PC with only one measure of demand pressure, namely the one in the
labor market.
Note that for our current version of the wage-price spiral, the in°ationary climate
variable does not matter for the evolution of the labor share v = w=(pz), whose law
of motion is given by
^ v = ^ w ¡ ^ p ¡ ^ z
= ·[(1 ¡ ·pw)fw(e;v) ¡ (1 ¡ ·wp)fu(u;v) + (·wz ¡ 1)(1 ¡ ·pw)gz]: (20)
mit
fw(e;v) = ¯we(e ¡ eo) ¡ ¯wv ln(v=vo) und
fp(u;v) = ¯pu(u ¡ uo) + ¯uv ln(v=vo)
Eq.(20) shows the ambiguity of the stability property of the real wage channel dis-
cussed by Rose (1967) which arises if despite of the incorporation of speci¯c measures
of demand and cost pressure on both the labor and the goods markets, the dynamics
of the employment rate and the the output gap are linked and if in°ationary cross-
over expectations are incorporated in both Phillips curves. Indeed, as discussed for
example in Proa~ no et al. (2006), a real wage increase can act itself in a stabilizing
or destabilizing manner, depending on whether the dynamics of the capacity utiliza-
tion rate depend positively or negatively on the real wage (i.e. if consumption reacts
more strongly than investment or viceversa) and whether price °exibility is greater
than nominal wage °exibility with respect to its own demand pressure measure.
Concerning the evolution of the overall in°ationary expectations among the eco-
nomic agents in the model economy, we follow Franke et al. (2006) and assume that
15For a detailed comparison of our modelling approach to the New Keynesian alternative see
Chiarella et al. (2005).
13the dynamic behavior of the in°ationary climate is described by16
_ ¼c = ¯¼c[·¼c(^ p ¡ ¼c) + (1 ¡ ·¼c)(¼o ¡ ¼c)]; (21)
where ¯¼c is an adjustment speed parameter and ·¼c a weight parameter between 0
and 1, and ¼o is to be thought of as the target rate of in°ation of the central bank,
which is assumed to be known by the public. The degree of their con¯dence vis-µ a-vis
the trend-chasing adaptive expectations component is measured by (1¡·¼c), which
can also be referred to as the central bank's credibility.
3.4 Monetary Policy
As standard in the actual theoretical literature, we do not focus on the level of money
supply as the policy variable of the monetary authorities but instead use the nominal
interest rate as the policy instrument. Following Svensson (1998), for example, we
model the dynamics of the nominal short term interest rate through a law of motion
of a Taylor rule type. Indeed, as Romer (2000, p.154-55) states,\Even in Germany,
where there were money targets beginning in 1975 and where those targets payed
a major role in the o±cial policy discussions, policy from the 1970s through the
1990s was better described by an interest rate rule aimed at macroeconomic policy
objectives than by money targeting."17
The target rate of the monetary authorities and the law of motion resulting from
an interest rate smoothing behavior by the central bank are de¯ned as
iT = (io ¡ ¼o) + ^ p + Á^ p(^ p ¡ ¼o) + Áy(y ¡ yo) (22)
_ i = ®i(iT ¡ i): (23)
The target rate of the central bank iT is here made dependent on the steady state
real rate of interest io ¡ ¼o augmented by actual in°ation back to a nominal rate,
and depends as usual on the in°ation gap and the output gap.18 With respect to
this target there is also an interest rate smoothing term with strength ®i. Inserting
iT and rearranging terms we obtain from this expression the following dynamic law
for the nominal interest rate
_ i = ¡®i(i ¡ io) + °ip(^ p ¡ ¼o) + °iy(y ¡ yo) (24)
16Even though the introduction of an in°ationary climate term is not essential for the dynamics of
the model, we introduce it now to facilitate the incorporation of open economy e®ects, as it is done
in the companion paper to this one, Proa~ no (2007a). There, the in°ationary climate term refers to
the CPI in°ation, and therefore comprises the e®ects of imported goods prices on the dynamics of
domestic in°ation.
17See also Clarida and Gertler (1997).
18All of the employed gaps are measured relative to the steady state of the model, in order to
allow for an interest rate policy that is consistent with it.
14where we have °ip = ®i(1 + Á^ p); i:e:; Á^ p = °ip=®i ¡ 1 and °iy = ®iÁy: Furthermore,
the actual (perfectly foreseen) rate of in°ation ^ p is used to measure the in°ation
gap with respect to the in°ation target ¼o of the central bank. Note ¯nally that we
could have included (but have not done this here yet) a new kind of gap into the
above Taylor rule, the labor share gap, since we have in our model a dependence
of aggregate demand on income distribution and the labor share, since the state of
income distribution matters for the dynamics of our model and thus should also play
a role in the decisions of the central bank.
3.5 The 4D Dynamical System
Taken together, our theoretical model consists of the four laws of motion, which
together form the following autonomous 4D dynamical system
_ e = ¹(1 ¡ (1 ¡ ½)e)
%
³
exp(yd)1=® ¡ (1 ¡ ½)e
´1¡%
¡ ½e (25)
_ i = ¡®i(i ¡ io) + °ip(^ p ¡ ¼o) + °iyy (26)
^ v = ·[(1 ¡ ·pw)fw(e;v) ¡ (1 ¡ ·wp)fu(u;v) + (·wz ¡ 1)(1 ¡ ·pw)gz] (27)
_ ¼c = ¯¼c[·¼c(^ p ¡ ¼c) + (1 ¡ ·¼c)(¼o ¡ ¼c)] (28)
with
yd = ®yy ¡ ®yi(i ¡ ^ p + (io ¡ ¼o)) ¡ ®yv(v ¡ vo)
y = fy(e)
and ^ p, according to eq.(19), to be inserted in several places.
The Jacobian of the 4D dynamic system (which comprises the ¯rst partial deriva-
tives of the dynamical endogenous variables), calculated at the interior steady state
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This representation of the interaction between the di®erent variables within the econ-
omy by means of partial derivatives allows us to examine in more detail the di®erent
channels through which the di®erent variables act in a stabilizing or destabilizing
manner.
15Due to the formulation of our model and the role that labor market frictions play
in it, the labor markets a®ect the output determination in a twofold manner: In the
¯rst place, through the restrictions they impose concerning the level of output the
¯rms can actually produce, and in the second place, due to the e®ect they have on
the reduced form of the price Phillips curve described by eq.(19). The qualitative
direction of this in°uence, nevertheless, is unambiguously positive. In contrast, as
the dynamics of the labor markets and more speci¯cally of the employment rate are
formulated, the e®ect of the employment rate on its own rate of change is ambiguous
(@ _ e=@e): On the one side, a high level of macroeconomic activity (high employment
rate) in°uences _ e positively, but on the other hand, due to the speci¯cation of the
matching process of labor, the level of the employment rate itself a®ects the tightness
of the labor market, decreasing therefore the rate at which workers and vacancies
are matched.19
The rate of change of the employment rate is also in°uenced (through the ag-
gregate goods and labor demand) by the nominal (and real) interest rate, as well as
by the wage share (the real wage), whose in°uence we assume here to be negative
(due its cost e®ect on the ¯rms' pro¯ts and investment), but could also be positive
if alternatively the income e®ect on consumption turns out to be predominant.20
Concerning the real interest rate, note that, through our formulation of the reduced
form Phillips curve equation to be inserted in eq.(25), price in°ation in determined
not only by the goods, but also by the labor market situations and the weighting co-
e±cients of both wage and price Phillips curves equations concerning the cross-over
expectations mechanism. We thus have here a quite more complex (and realistic)
theory for the price in°ation dynamics and its interactions with the real side of the
economy than other theoretical approaches.
As our model is formulated, it also features additional potentially (at least par-
tially) destabilizing feedback mechanisms concerning the in°uence of the wage share
on aggregate demand, employment and output (in this order), due to the presence of
the Mundell-e®ect in the dynamics of the goods-market and the opposing Blanchard-
Katz error correction terms in the reduced form price Phillips curve given by eq.(19).
As formulated there, the (log of the) labor share, the Blanchard-Katz error correc-
tion terms, a®ects aggregate price in°ation and the in°ationary expectations in an
ambiguous manner, through its opposing in°uence on the structural wage and price
Phillips curve equations given by eq.(13) and (14). Note that since the net e®ect of
the Blanchard-Katz terms on aggregate price in°ation depends on the values of ·wp
19In the next section we will show that the relative size of these e®ects is central for the stability
of the system.
20See Chiarella et al. (2005), as well as Proa~ no et al. (2006) and Franke et al. (2006) for a detailed
discussion of the Rose real wage channel.
16and ·pw, the cross-over expectation formation by the economic agents determines
to a greater extent the direction of the labor share's in°uence on output.
Concerning the dynamics of the labor share (@ _ v=@e < 0), the joint, net e®ect
of the goods and labor market dynamics depends on the signs and values of the
parameter estimates of the two structural Phillips curves and therefore, again, on
the cross-over expectations formation of the economic agents. On the contrary,
the in°uence of the (log of the) wage share on its rate of growth is unambiguously
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Figure 1: The structure of the model
Additionally to these channels, our model also incorporates the Mundell in°ation-
ary expectations channel, which a®ects positively the dynamics of all other dynamic
variables of the system through its positive in°uence on price in°ation, as well as
on wage in°ation and from there on employment rate and the output gap, as it can
be observed in the last column of the Jacobian of the 4D dynamical system. This
unambiguous property of the Mundell expectations channel, discussed extensively in
Chiarella et al. (2005), is more destabilizing the higher ¯¼ is. These and the remain-
ing feedback channels and interactions of our theoretical D(isequilibrium)AS-AD
model are sketched in ¯gure 1.
3.5.1 Steady State Solution
We now determine the unique steady state of the 4D dynamical system in a sequential
manner as follows. Concerning the goods markets, these are in equilibrium when
17i = io = 0, ^ p = ¼o and yd = y = 0. Inserting this values in the dynamic law of the
employment rate delivers
_ e = ¹[1 ¡ (1 ¡ ½)e]
% [1 ¡ (1 ¡ ½)e]
1¡% ¡ ½e
= ¹(1 ¡ (1 ¡ ½)e) ¡ ½e
since exp(0)1=® = 1. For _ e = 0, we obtain
eo =
¹
(1 ¡ ½)¹ + ½
: (29)
If e = eo, the labor markets are in equilibrium and do not exert any pressures on
the dynamics of wages and prices.
As it can be easily observed, the steady state rate of employment is determined
purely by structural factors concerning the labor markets, namely the labor separa-
tion rate ½ and the matching technology ¹, with
@eo
@½
= ¡¹[(1 ¡ ½)¹ + ½]¡2(1 ¡ ¹) < 0
@eo
@¹
= [(1 ¡ ½)¹ + ½]¡1 ¡ ¹(1 ¡ ½)[(1 ¡ ½)¹ + ½]¡2
=
(1 ¡ ½)¹ + ½ ¡ (1 ¡ ½)¹)
[(1 ¡ ½)¹ + ½]2 =
½
[(1 ¡ ½)¹ + ½]2 > 0
Note that these factors not only in°uence the level of the steady state employment
rate, but also the dynamic response of the labor markets to exogenous shocks, as
shown in ¯gure 2.
As shown there, the higher the value of the matching technology parameter ¹, the
higher is the response of the employment rate to an exogenous labor demand shock,
and the quicker is the return of the employment rate to its steady state level (which
in turn also depends on the value of ¹). Ceteris paribus, a low matching technology
leads thus to a low response of the actual employment to labor demand shocks that is
also more persistent, a result which is in line with other studies featuring aggregate
matching functions in the labor markets, see e.g. Amable and Ernst (2006).
Concerning the dynamics of wages and prices at the steady state, it should be
clear that in equilibrium none of them is confronted to any demand pressures either
from the labor nor from the goods markets.
3.5.2 Reduced 3D-Feedback Guided Stability Analysis
Having explicitly de¯ned the unique steady state of the economy, we now turn to
the analysis of the local asymptotic stability properties of the interior steady state




















Figure 2: Employment rate response to an exogenous 1% labor demand shock in
t = 2 for di®erent values of the matching technology ¹
of the 4D dynamical system given by eqs.(25)-(28) (with eqs.(11), (12) and (19)
inserted wherever needed) through partial considerations from the feedback chains
that characterize this empirically oriented baseline model of Keynesian dynamics.
We have employed reduced-form expressions in the above system of di®erential
equations whenever possible. We have thereby obtained a dynamical system in four
state variables that is in a natural or intrinsic way nonlinear (due to its reliance
on growth rate formulations). We note that there are many items that reappear in
various equations, or are similar to each other, implying that stability analysis can
exploit a variety of linear dependencies in the calculation of the conditions for local
asymptotic stability.
In order to focus more speci¯cally on the role of the labor market friction for
the stability of the economy, we decouple the dynamics of the in°ation expectations
and their in°uence on the rest of the system by setting ¯¼c = 0, reducing so our
dynamical system by one dimension.21
According to the Routh-Hurwitz stability conditions for a 3D dynamical system,
asymptotic local stability of a steady state is ful¯lled when
ai > 0; i = 1;2;3 and a1a2 ¡ a3 > 0;
21Note that in this case the in°ationary expectations become static, with the growth rate of labor
productivity g` entering in both wage and price Phillips curve equations with a weight coe±cient
equal to one.































and a3 = ¡det(J). Our reduced 3D dynamical system is stable around its interior
steady state, if following propositions are ful¯lled:
Proposition 1:
Assume the validity of the inequality













that assures the unambiguous stability of the employment rate dynamics
at least with respect to its own in°uence. Then: The trace of the implied
3D dynamical system (assuming gz=0 for simplicity)
_ e = ¹(1 ¡ (1 ¡ ½)e)
%
³
exp(yd)1=® ¡ (1 ¡ ½)e
´1¡%
¡ ½e;
_ i = ¡®i(i ¡ io) + °ip(^ p ¡ ¼o) + °iyfy(e)
^ v = ·[(1 ¡ ·pw)(¯we(e ¡ eo) ¡ ¯wv ln(v=vo) ¡ (1 ¡ ·wp)(¯pufy(e) + ¯pv ln(v=vo))]
around its interior steady state is unambiguously negative.
Sketch of Proof:



























































Under Proposition 1, which assures a stable dynamic behavior of the employment










and tr(J) < 0 unambiguously holds.
20Proposition 2:





, and additionally, that ¯we ' ¯py
hold. Under these conditions, a2 > 0, the second Routh-Hurwitz local
stability condition for a 3D dynamical system,
























Under the validity of Proposition 1, but without the need of further assumptions,
J1 and J3 in are unambiguously positive. If Proposition 2 additionally holds,22 then
J2 =
2



































and the sum of the minors of order 2, a2, is positive.
Under the validity of Propositions 1 and 2, the full set of Routh-Hurwitz condi-
tions are always ful¯lled, since detJ = ¡a3 is unambiguously negative. In this case,
the interior steady state reduced 3D dynamical system is locally stable.
4 Model Calibration and Stochastic Simulation
After having identi¯ed the stability conditions of the dynamical system, we analyze
now the e®ects of labor market frictions for the dynamics of the system after di®erent
types of shocks by means of computer simulations. To do so, we use a discrete
time version of the 4D continuous time system discussed in the previous section,23
using nevertheless alternative labor market speci¯cations to the search framework
described in section 3 in order to evaluate the dynamic properties of the model. On
the one hand, we analyze a scenario where the labor markets function frictionless,
22What would be consistent with the parameter values estimated by Franke et al. (2006) and
Proa~ no et al. (2006)
23The simulations were computed with MATLAB. The source code is available upon request.
21so that L
D
t = Nt and Y
D
t = Yt always hold (and the dynamic law of motion of the
employment rate based on the aggregate matching function is replaced simply by
the production technology equation). On the other hand, we model the link between
the goods and labor markets by means of a dynamic version of Okun's Law, as done
in Asada et al. (2006), Proa~ no et al. (2006) and Franke et al. (2006), according to
which the growth rate of the employment rate is determined by
^ et = ®ey1^ yt¡1 + ®ey2^ yt¡2 + ®ey3^ yt¡3: (30)
The parameter values used in the di®erent speci¯cations are shown in Table 1.
Table 1: Baseline calibration parameters
Goods Markets ®yy ®yi ®yv
0.7 0.05 0.1
Wage Phillips Curve ¯we ¯we ·wp 1 ¡ ·wp
0.510 0.230 0.420 0.580
Price Phillips Curve ¯we ¯we ·wp 1 ¡ ·wp
0.210 0.270 0.550 0.450
Monetary Policy Rule ®i Áp Áy
0.7 1.5 0.5
Labor Markets ® ¹ ½ % gz
0.70 0.6 0.1 0.2 0.0
Labor Markets In the baseline scenario I set the matching technology factor
¹ = :6 (Christo®el and Linzert (2006b) choose ¹ = 0:4). For the job separation
rate ½ (exogenous in our model), a value of 0:1 was chosen, which is consistent
with the empirical ¯ndings (on quarterly frequency) by Hall (1995), Hall (2005),
Shimer (2005). For the choice of the Cobb-Douglas parameter of the the search and
matching function %, I set a lower value (% = 0:2) than Walsh (2005), who sets this
parameter equal to 0.4 (Setting a value of % = 0:4 does not change the qualitative
reactions of the model, but delivers too low responses compared with the scenario
featuring Okuns' Law). Note that in the scenarios featuring the labor search function
the steady state employment rate is not one, as in the other two scenarios, but is
instead determined by the structural labor markets parameters according to eq.(29).
Goods Markets For the choice of the parameters ®yy, ®yi and ®yv, we rely on
the system GMM parameter estimates of Proa~ no et al. (2006) and Franke et al.
(2006), which are consistent with other studies as Goodhart and Hofmann (2005)
who also perform system GMM estimations of Phillips curve and IS equations, using
nevertheless also expected values of future variables.
22Wage-Price Dynamics Concerning the parameters in the wage and price Phillips
curve equations (assumed to be equal across all labor market speci¯cations), we use
the empirical parameter estimates obtained for the U.S. economy by Proa~ no et al.
(2006) and Franke et al. (2006) using system GMM estimation techniques. These
estimated parameter values, even though obtained by means of the GMM method-
ology, are consistent with related studies on wage and price in°ation dynamics as
Chen and Flaschel (2006) and Flaschel and Krolzig (2006).
Monetary Policy Following Taylor (1999) and all the related literature on mon-
etary policy rules, we set the responsiveness of the short term interest rate to the
in°ation gap equal to 1.5, and to the output gap, 0.5, and we set the interest rate
smoothing parameter value equal to 0.7 as in Walsh (2005) in order to take into
account the high degree of inertia observable in nominal interest rate time series
data.24
In order to evaluate the empirical plausibility of our theoretical framework under
this parameter calibration we simulated the model over 1000 quarters, assuming that
in each quarter the economy is hit by an aggregate demand, a labor productivity
and a monetary policy shock. For the ¯rst two shocks we assume a ¯rst order
autoregressive process with an autoregressive parameter of ½y = ½z = 0:7, as usually
done in the literature, see e.g. Smets and Wouters (2003).
Based on the estimations by Juillard, Karam, Laxton and Pesenti (2006), we
set the standard deviations of output, labor productivity and the nominal interest
rate equal to ¾z = 0:0089, ¾z = 0:0039 and ¾z = 0:0039, respectively (we assume
though normally distributed shocks, while Juillard et al. (2006) assume that these
are inverse gamma distributed).
Table 2: Actual (1980: 1{2005: 4) and Simulated Standard Deviations (in %)
Output Employment Rate Price In°ation Wage In°ation
U.S. 2.2 1.5 0.525 0.675
Euro Area 1.7 1.4 0.650 0.850
Model 1.9 2.4 0.600 0.610
Given the rather parsimonious formulation of my model and the fact that in our
simulations only three types of shocks (compared with the eight of Juillard et al.
24As discussed in Rudebusch and Wu (2003) and Franke et al. (2006), there is also some empirical
and theoretical arguments supporting the modelling of monetary policy impulses as autoregressive
processes due, for example, the uncertainty of the monetary authorities at time t concerning the
actual state of the economy. We choose nevertheless to model the interest rate inertia by means
of a smoothing parameter in the Taylor rule, in order to remain consistent with the theoretical
framework of the previous section.
23(2006)) are assumed to hit the economy in each period, the performance of the model
concerning second moments seems to be quite acceptable, even though precisely the
volatility of the employment rate seems somewhat high when compared with actual
data.
5 Dynamic Adjustments under Di®erent Labor Market
Schemes
We analyze the dynamic properties of our model by simulating the responses of the
economy with respect to two di®erent types of exogenous shocks: a monetary policy
shock and an aggregate demand shock. The underlying time unit is a quarter, but
to ease the interpretation of the simulation results the data is annualized.
Figure 3 shows the dynamic response of our arti¯cial economy to a 1% increase
in the nominal interest rate. As it can observed, our model delivers quite reasonable
qualitative responses which are furthermore also in line with the predicted reactions
of other macroeconomic models with labor frictions, such as Walsh (2003) and Walsh
(2005), even though our approach does not rely on intertemporal utility and pro¯t
maximizing behavior by households and ¯rms assumed there, nor on the highly
questionable Calvo (1983) staggered wage and price setting behavior.






















































Figure 3:Impulse-response functions to a 1% monetary shock for di®erent employment rate
dynamic adjustment mechanisms (annualized in°ation rates, in quarters, percent values):
The solid line represents the baseline calibration with labor market frictions and a matching
technology factor of ¹ = :6. The dashed line represents the scenario with ¹ = :1, that is,
with a lower degree of labor market rigidity. The dotted line shows the case where the labor
markets function frictionless, and the dashed-dotted line represents the speci¯cation with a
dynamic Okun's law.
24As expected, after an increase in the nominal interest rate, both output and em-
ployment decrease, leading also to a fall in wage and price in°ation. The reaction of
the wage share, on the contrary, is much more complex, because it depends strongly
not only on the relative sizes of the output and employment growth but also on the
weighting parameters in the wage and price Phillips curve equations. However, we
observe a uniform negative response of the labor share in all labor market scenarios,
with the perfectly °exible labor markets scenario, as expected, showing the largest
response. Concerning speci¯cally the role of labor market frictions for the dynamic
response of the economy to shocks, as the impulse response functions in ¯gure 3
show, the more rigid the labor markets are the weaker is the responsiveness of em-
ployment (and output) to exogenous shocks. This, in turn, a®ects the reaction of
price and wage in°ation to exogenous developments and therefore also the reaction
of the wage share dynamics, as discussed in the previous section.

















































Figure 4: Impulse-response functions to a 1% aggregate demand shock for di®erent
employment rate dynamic adjustment mechanisms
The second scenario we study is the response of the economy to an aggregate
demand shock, say , due to an expansionary ¯scal policy impulse (shown in ¯gure
4). Again, the aggregate v ariables of our model deliver quite reasonable dynamic re-
sponses, with employment and output increasing in response to the higher aggregate
demand, and price and wage in°ation, as well as the nominal interest rate, following
the former v ariables (the response of the nominal interest rate is due to the T aylor
rule speci¯cation, obviously). Note again that the degree of labor market rigidity
plays a key role for the extent as well as for the persistence of the impulse responses
generated by the model, and that the procyclical reaction of the labor share is by no
means trivial but rather the result of the formulation of the cross-over expectations
25in both wage and price Phillips Curves.
Finally, we simulate again the reaction of the economy to a monetary policy shock
for the case of higher credibility of the price stability commitment (represented by
a lower value of ·¼c in the in°ation climate adjustment mechanism) by monetary
authorities.



















































Figure 5:Impulse-response functions to a 1% monetary shock with higher credibility.
By comparing the dynamic responses of the economy depicted in ¯gures 3 and
5, we ¯nd that in the higher credibility scenario the duration and extent of such
reactions are lower than in the alternative case, where the in°ation climate depends
on a more signi¯cant manner on the past in°ation rates than on the actual in°ation
target of the monetary authorities. This result is quite intuitive, showing that higher
in°ation inertia leads to an overall slower adjustment of all variables of the economy
to exogenous and endogenous shocks.
6 Output Stabilization and Monetary Policy Rules
After the analysis of the dynamic properties of the model under di®erent labor
market- schemes and degrees of search e±ciency we focus now on the role of monetary
policy and more speci¯cally on the monetary policy targets for the dynamics of the
economy.
In order to investigate the dynamic response of the model economy to a monetary
policy shock under di®erent monetary policy rules, we simulate the reaction of the
model under di®erent rules, whereas as the benchmark rule we use Taylor's (1993)
26speci¯cation (Rule I), according to which
Rule I: Á^ p = 1:5; Áy = 0:5:
The alternative monetary policy rules as well as the corresponding target weights
values are shown in table 3.
Table 3: Alternative Monetary Policy Rules: Weighting Parameters
Rule II. Strict III. Flexible IV. Flexible V. Flexible
In°ation In°ation Targeting In°ation Targeting In°ation Targeting
Weights Targeting with with with
Employment Target Wage In°ation Target Wage Share Target
Á^ p 2 1 1 1
Áy 0 0.5 0.5 0.5
Áe 0 0.5 0 0
Á ^ w 0 0 0.5 0
Áv 0 0 0 0.5
The (absolute) cumulated dynamic responses of the model sketched in ¯gure
6 deliver three important insights on the importance of the choice of the targets
and the relative weighting values in objective function of the monetary authorities:
In the ¯rst place they highlight the multi-dimensionality of monetary policy con-
duction that comes to light once the baseline New Keynesian model with (solely)
price stickiness is abandoned and nominal wage as well as labor market rigidities
are incorporated. As ¯gure 6 and table 4 clearly show, monetary policy rules that
achieve an e±cient stabilization of price in°ation are not necessarily as e®ective con-
cerning other variables. Indeed, it can be easily observed, Taylor's (1993) original
speci¯cation (I) and the °exible in°ation targeting with nominal wage growth target
(IV) outperform the other three rules (II) (strict in°ation targeting), (III) (°exible
in°ation targeting with an employment target) and (V) (°exible in°ation targeting
with employment and with wage share target), concerning the overall extent of the
dynamic reaction of the simulated variables.
In the second place, we ¯nd that the dynamic responses under rules I and IV
(Taylor's (1993) speci¯cation and °exible in°ation targeting with a nominal wage
in°ation target) have an almost identical performance concerning the cumulated
dynamic response of the economy: According to our model, a pure °exible in°ation
targeting rule with a weight Á^ p = 1.5 is nearly equivalent to a °exible in°ation
targeting with weights Á^ p = 1 and Á^ p = 0:5 (both with Áy = 0:5).















































































Figure 6: Cumulated impulse-response functions under alternative monetary policy rules.
Table 4: Cumulated Responses at Di®erent Horizons
8 Quarters 16 Quarters 24 Quarters 32 Quarters
Monetary Policy Rule Output
I 0.3191 0.3700 0.3855 0.3926
II 0.3215 0.3704 0.3945 0.4039
III 0.3246 0.3915 0.3970 0.4017
IV 0.3183 0.3686 0.3831 0.3899
V 0.3229 0.3923 0.3908 0.3959
Employment Rate
I 0.4273 0.4954 0.5162 0.5257
II 0.4305 0.4960 0.5283 0.5408
III 0.4346 0.5242 0.5315 0.5379
IV 0.4261 0.4936 0.5129 0.5220
V 0.4323 0.5119 0.5233 0.5301
Price In°ation
I 0.4095 0.5728 0.6291 0.6331
II 0.3255 0.5718 0.6149 0.6243
III 0.3265 0.5966 0.6775 0.6900
IV 0.3227 0.5709 0.6280 0.6318
V 0.3256 0.5874 0.6584 0.6667
Wage In°ation
I 0.3552 0.5790 0.6277 0.6309
II 0.3577 0.5772 0.6125 0.6205
III 0.3590 0.6047 0.6773 0.6895
IV 0.3545 0.5770 0.6266 0.6300
V 0.3579 0.5947 0.6577 0.6661
Lastly, our dynamic simulations show that the strict in°ation targeting rule (II),
while the most e®ective in shortening the adjustment duration of the economy, is
28not the most e®ective when it comes to the reduction in the response variability
of all macroeconomic variables besides price in°ation: Indeed, as shown in ¯gure
6, due to the overshooting that takes place when only price in°ation is targeted,
the adjustment process of the economy after a monetary policy shock is much more
volatile than in the alternative cases, a result which is in line with the theoretical
considerations of Woodford (2003, ch.4).
In a related paper, though within a DSGE framework, Faia (2006) performs
similar experiments which are all in all in line with our ¯ndings. There is though
one important di®erence between her conclusions and ours: Since in her framework
the evolution of the real marginal costs depend solely on unemployment, targeting
the output gap is suboptimal towards targeting the unemployment gap, since the
latter is the variable which comprises the source of the ine±ciency in the economy. In
our framework, though, the choice of the optimal strategy is not so straightforward
since the dynamics of the labor share (the real marginal costs) are not only driven
by the unemployment gap but also by the disequilibrium in the goods markets due
to our cross-over speci¯cation in the wage-price dynamics. In fact, a strategy which
targets both output and gap as rule IV seems to be less e±cient than a Taylor rule
with standard coe±cients as rule I, as shown in ¯gure 6.
7 Concluding Remarks
Despite of the high degree of technological process in the industrialized countries,
their labor markets are and will probably also in the future be confronted to a
variety of real imperfection which will hinder the complete clearing of the market in
equilibrium. In this paper we studied the role of structural labor market frictions for
the dynamics of the economy by incorporating in a theoretical framework in the line
of Chen et al. (2006) a labor market module containing basic search-and-matching
elements. As our model was formulated, the degree of labor market rigidity a®ected
not only the dynamics of the employment rate, but also of the output gap (and
consequently also wage and price in°ation) through the restrictions it imposed on
the ability of ¯rms to ¯nd adequate workers and serve aggregate demand.
This straightforward modi¯cation of the baseline (D)AS-AD framework delivered
some interesting results concerning the dynamic responses of the economy to various
exogenous shocks. On the one hand, we found that the degree of rigidity in the
labor markets has an important e®ect on the dynamics of output and in°ation: The
more rigid the labor markets are, the smaller is the response of employment, output
and in°ation to exogenous shocks. On the other hand, though still concerning this
¯rst result, we found that the dynamic response of the labor share, which in turn
29in°uences the aggregate demand as well as price in°ation, depends dramatically on
the relative responses of production and employment to shocks, and therefore on
how and through which channels shocks are transmitted within the economy. Since
nowadays the predominant view (represented also by the DSGE approach) is that
the real marginal costs (the labor share) are the main force driving price in°ation, we
think that our approach delivers an interesting alternative to the DSGE modelling
approach, which considers the real marginal costs as being determined primarily by
intertemporal pro¯t maximization under imperfect competition.
Concerning the role of monetary policy, our dynamic simulations show that a
°exible in°ation targeting rule in the line of Taylor (1993), where price in°ation
as well as output are targeted, and/or a °exible in°ation targeting rule with an
additional wage in°ation target have a better performance than °exible in°ation
targeting rules where employment or the wage share besides the output gap are
targeted, or strict in°ation targeting where solely the in°ation gap is targeted.
On more real world-related grounds, if one takes into account the signi¯cant dif-
ferences in the characteristics of the labor markets across the EMU countries, the
¯ndings of this paper might deliver some interesting insights on the recent in°ation
developments in those economies, with countries as Germany or Austria with persis-
tently low in°ation rates compared to other countries such as Spain and Ireland, as
discussed for example in Honohan and Lane (2003), Angeloni and Ehrmann (2004),
Fritsche, Logeay, Lommatzsch, Rietzler, Stephan and Zwiener (2005) and Proa~ no
(2007b). In order to analyze the implications of labor market rigidity for as well
as the e®ectiveness of alternative monetary policy rules in a monetary union with
heterogenous national labor market characteristics such as the EMU, in a compan-
ion paper (Proa~ no 2007a) I incorporate to the theoretical framework developed here
open economy issues such as the import price in°ation, relative competitiveness and
foreign aggregate demand.
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